Abstract -In order to overcome the problem of fossil fuel energy, electric vehicle (EV) has been used in recent years. The important issues of EV are driving distance and lifetime related to EV efficiency. A voltage source converter is one of the main components of EV which can be operated with various pulse width modulation (PWM) schemes such as continuous PWM schemes and discontinuous PWM schemes. These PWM schemes will cause the effects on the efficiency of converter system and the lifetime of EV. Therefore, this paper proposes an analysis of the PWM schemes for the power converter on the EV. The objective is to find out a best solution for the EV by comparing the total harmonic distortion (THD) and transient response between the various PWM schemes. The operation of traction motor on the EV with the PWM schemes will be verified by using Psim simulation program.
Introduction
One of the sources of pollutant emission into the atmosphere comes from the vehicles that use fuels of the diesel oil and gasoline. Besides, the fossil fuel is also depleted by the excess exploitation of human. In order to overcome these problems, many countries have recommended the usage of renewable energy source and the electric vehicle (EV). Recently, the rapid development of the electric motor and battery technologies has promoted the use of EV.
Especially, Jeju special self-governing province has a plan, namely Carbon Free Island Jeju by 2030, in order to reduce CO2 emission from fossil fuel energy. In this plan, the local government will supply about 371,000 EVs by 2030 in order to replace 100% of conventional cars that use the fossil fuel.
These EVs are supplied energy by the renewable energy sources and the conventional power plants. The objective is to use the renewable energy sources as a prior energy source. The EV must be designed to meet special requirements of consumer such as cost, driving distance and lifetime [1] . Among them, the lifetime of traction motor will be significantly affected by the output voltage quality that relates to the pulse width modulation (PWM) schemes for the voltage source converter (VSC) on the EV [2] - [7] . In [2] , the authors have shown that the electric motor behaves as a "loudspeaker" when the output voltage of the power converter contains the harmonic components. In addition, the harmonic components also affect electrical and mechanical sub systems on the EV [4] - [6] . Besides, the PWM frequency can cause the temperature on the IGBT and then reduces the lifetime of the power converter [7] . As a result, the quality of the output voltage as well as the PWM schemes for the power converter are important issues. There are some PWM schemes that have been researched by many authors over the world. The PWM schemes can be classified into two categories [8] 
Pulse Width Modulation Schemes
In the EV system, the role of VSC is to convert DC power source of the battery system into AC power source supplied for the motor drive. It is operated by turning on/off the IGBTs based on the PWM schemes. In this paper, six PWM schemes for the VSC on the EV such as SPWM scheme, sinusoidal-THIPWM scheme (S-THIPWM), triangular-THIPWM scheme (T-THIPWM), SVPWM scheme, DPWMMIN scheme, and DPWMMAX scheme will be analyzed and compared each others.
Sinusoidal Pulse Width Modulation Scheme
The SPWM is one of the conventional PWM schemes for the VSC because of its simple implementation. In this PWM scheme, the gating signals are generated by comparing a carrier waveform (triangular signal) to a sinusoidal waveform (reference signal) as seen in Fig. 1 . In Fig 2(a) , the reference signal is obtained by adding a sinusoidal third harmonic signal to a sinusoidal signal at fundamental frequency.
In Fig. 2(b) , the reference signal is obtained by subtracting a triangular third harmonic signal from a sinusoidal signal at the fundamental frequency. 
Space Vector Pulse Width Modulation Scheme
The SVPWM scheme is shown in Fig. 3(a) . It is quite different from the SPWM and THIPWM schemes. The power converter can be driven to eight unique states as illustrated in Fig. 3(b) . The control strategies are implemented in digital systems. The SVPWM scheme has many advantages over the conventional PWM scheme such as high modulation index, perfect digital operation and low switching losses [11, 12] .
Discontinuous Pulse Width Modulation Scheme
The DPWMMIN and DPWMMAX schemes are shown in   denotes the rotor speed.
The torque of PMSM is a function of the current and rotor speed as
where,   and   are the dq-axis stator inductances. P is number of pole pairs.   is the electromechanical torque developed by the PMSM.   is the flux linkage from rotor magnets linking stator.
The VSC consists of 6 IGBTs and six anti-parallel 
Simulation Results
In the study case, the operation of PMSM on the EV is performed at the same condition in six cases that correspond to six PWM schemes as analyzed in Section 2. Table 1 These data are achieved when the PMSM on the EV operates at the rated speed of 3600 rpm. The THDs are high because this system does not use any filter as seen in Fig. 7(a) . This is to obtain an exact comparison between six PWM schemes. (Fig. 7(b) ). The overshoots of the rotor speed are almost less than 1% of rated speed as shown in Fig. 7(c 
